The purpose of this study was to investigate the correlation of bone marrow edema (BME) in sacroiliac joint (SIJ) with clinical characteristics and clinical response, and whether the quick decrease of BME could be served as a novel marker for dose tapering of etanercept in ankylosing spondylitis (AS) patients.
Introduction
Ankylosing spondylitis (AS) is a severe autoimmune disease characterized by sacroiliitis, enthesitis, and anterior uveitis, which brings in great pain and functional disability to patients. [1, 2] AS affects 0.23% of Chinese and 0.9%-1.4% of American adults, and there is still no curable treatment for AS until now. [1, [3] [4] [5] Nonsteroidal anti-inflammatory drugs (NSAIDs) are widely used for alleviating pain and stiffness in AS patients; however, up to 20% of AS patients reveal no response to NSAIDs, and continuous use of NSAIDs may cause unacceptable adverse effects (AEs). [6] Worse still, glucocorticoids and conventional disease-modifying antirheumatic drugs that are commonly used in other rheumatic disease are seldom applied in AS treatment owing to the lack of adequate response. [3, 7] Therefore, it remains a huge challenge to AS treatment.
As a 75 kD tumor necrosis factor (TNF) receptor fusion protein is linked to the Fc portion of human immunoglobulin G (IgG) subclass 1 (TNFr:Fc), etanercept is effective in treating AS patients who are intolerant or have no response to NSAIDs through acting as a recombinant human tumor necrosis factor (TNF-a) inhibitor. [4, [8] [9] [10] In spite of the superior efficacy of etanercept compared to NSAIDs in AS treatment, the high cost and the increased risk of AEs such as tuberculosis and bacterial infections under a recommended regimen of 50 mg/week trouble a lot of AS patients. Recently, a number of studies report that the 25 mg/week dose of etanercept is also effective in maintaining remission for AS patients. [11] [12] [13] [14] [15] [16] However, a considerable percentage of patients in these studies relapse when dose tapering to 25 mg/week. [17, 18] which indicates that not all AS patients are suitable for dose tapering strategy of etanercept treatment. Thus, it is essential to explore novel and convincing markers for dose tapering of etanercept in treating AS patients. Bone marrow edema (BME) is defined as an area of altered signal on the magnetic resonance imaging (MRI) of the bone, with the capacity to assess the disease activity and inflammation level in joint diseases. [19, 20] Notably, BME in sacroiliac joint (SIJ) is associated with histological inflammation, disease activity, and radiographic progression, and it could predict clinical response to TNF inhibitor therapy in patients with spondyloarthritis including AS. [20] [21] [22] [23] [24] Thus, we hypothesized that BME in SIJ might also be used as a new marker for dose tapering strategy of etanercept treatment in AS patients. Therefore, the purpose of this study was to investigate the correlation of BME in SIJ with clinical characteristics and clinical response, and most importantly, to explore whether its quick decrease could be served as a novel marker for dose tapering of etanercept in AS patients.
Materials and methods

Patients
Ninety patients with active AS who underwent TNF inhibitor (etanercept) treatment at The Second People's Hospital of Liaocheng between 2014/1/1 and 2016/12/31 were consecutively enrolled in this prospective cohort study. The inclusion criteria included: (1) Diagnosed as AS according to 2010 Ankylosing Spondylitis International Society (ASAS) criteria; [25] (2) At active disease condition defined as Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) score > 4.0; (3) Age above 18 years; (4) About to receive etanercept treatment; (5) Able to be followed up regularly. The exclusion criteria consisted of: (1) Patients with contraindications of etanercept (such as active tuberculosis, invasive fungal infections, bacterial, viral, and other infections due to opportunistic pathogens, lymphoma and other malignancies, and so on); (2) Received biologics treatment (including etanercept) within 3 months; (3) Received glucocorticoid treatment within 1 month; (4) History of SIJ or spine surgery; (5) Pregnant or lactating women.
Ethics
This study protocol was approved by the Ethics Committees of The Second People's Hospital of Liaocheng and performed in accordance with the principles of the Declaration of Helsinki. All patients provided written informed consents before participating in the present study.
Baseline data collection and assessments
After patients signed the informed consents, baseline characteristics were collected including age, gender, and diseases duration; meanwhile, the levels of C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) were also measured and recorded. In addition, the Patient Global Assessment (PGA) score, pain Visual Analogue Scale (VAS) score, BASDAI score, and Bath Ankylosing Spondylitis Functional Index (BASFI) score were used to evaluate the disease activity of patients.
Measurement of inflammatory cytokines
Blood samples were collected from all patients before initiating etanercept treatment and allowed to clot for 20 to 30 min at room temperature followed by centrifugation at 2500 rpm for 5 min to separate serum. Then the levels of interleukin 1b (IL-1b), interleukin 6 (IL-6), interleukin 17 (IL-17), and tumor necrosis factor-a (TNF-a) in serum were detected by enzyme-linked immunosorbent assay (ELLSA) kit (Abcam, USA) following the manufacturer's protocol.
Treatment and groups
According to disease condition and personal willingness, 135 AS patients received etanercept treatment, and patients who lost follow-up (n = 34) or withdrew the study before completion of 6-month etanercept treatment (n = 11) were excluded from the final analysed population, while 4 patients who withdrew the study due to the lack of efficacy were included into the analysis; thus, total 90 patients were included into the final analysis in this present study. Among all the 90 AS patients, 37 cases sustainably received subcutaneous injection of etanercept 25 mg twice a week for 6 months, which were classified into standard dose group; while another 53 cases received subcutaneous injection of etanercept 25 mg twice a week for 1-3 months, and subsequently received subcutaneous injection of etanercept 25 mg once a week for the remaining duration until 6 months, which were classified into dose tapering group.
2.6. Evaluation of bone marrow edema (BME) in SIJ MRI scan of SIJ was performed at baseline (M0), month 1 (M1), M3 and M6 using T2 weighted imaging and short inversion time inversion recovery (STIR) sequence, and the Spondyloarthritis Research Consortium of Canada (SPARCC) score was used to evaluate BME in SIJ, which was independently scored by two experienced experts who did not know the subjects' clinical characteristics. In brief, the SPARCC score of SIJ was assessed as follows: [26] There were 12 layers consecutively scanned in total, and 6 layers were chosen from 4th to 9th layers to be scored in 3 aspects: (1) Involved area: SIJ of every layer in both sides was divided into 4 quadrants including upper iliac, lower iliac, upper sacral, and lower sacral. 1 point would be added if the area with BME (high signal) and 0 points were added if not, and total points of 6 layers would be 48 points. (2) Edema intensity: Joints that included a lesion exhibiting intense signal were each given an additional score of 1 per layer, and the total points would be 12 in 6 layers. (3) Edema depth: 1 point would be added if the edema depth of lesion exceeded 1 cm in every layer, and the total points would be 12 points. Total SPARCC scoring of SIJ was obtained by summing the involved area scoring, edema intensity scoring, and edema depth scoring, which ranged from 0 to 72 points. "Quick decrease of BME in SIJ" was defined as the decrease of SPARCC score of SIJ from M0 to M1 no less than 50% in this study.
Evaluation of treatment response
The Assessment in Ankylosing Spondylitis (ASAS) 40 response criteria was used to evaluate the clinical response to etanercept at M1, M3, and M6, which included following 4 domains: (1) Patient's global VAS score of disease activity; (2) VAS score of total pain in the spine due to AS and pain in the spine at night due to AS; (3) BASFI score; (4) Mean VAS score of items 5 and 6 of the BASDAI about morning stiffness duration. And ASAS 40 was defined as at least 40% improvement and 20 units of absolute change in 3 of 4 domains, without any worsening in the remaining domain. [27] Yang et al. Medicine (2019) 
Statistical analysis
Statistical analysis was performed using SPSS 22.0 software (IBM, USA) and GraphPad Prism 6.01 software (GraphPad Software Inc, USA). Data were presented as mean value ± standard deviation, median (quartile 25th-75th), or count (%). For normally distributed data, comparison between two groups was determined by t test (such as age, disease duration, and PGA score); correspondingly, pre-and post-treatment comparisons were performed by paired t test (such as SPARCC score of SIJ in total active AS patients). For the continuous non-normal data, comparison between two groups was determined by Wilcoxon rank sum test (such as CRP, ESR, and IL-6 levels). As for categorical variable data, the difference between two groups was examined using Chi-square test (such as gender, percentage of patients with BMI in SIJ, and percentage of patients with ASAS 40), and the comparison at paired time point was performed with the use of McNemar test (such as percentage of patients with BMI in SIJ in total active AS patients). P < .05 was considered significant.
Results
Baseline characteristics
No difference of demographic or clinical characteristics was observed between dose tapering group and standard dose group as shown in Table 1 . The mean values of age in dose tapering group and standard dose group were 27.6 ± 6.3 years and 28.4 ± 6.8 years, respectively (P = 0.556). There were 43 males and 10 females in dose tapering group, and 33 males as well as 4 females in standard dose group (P = 0.299). The mean BASDAI score (P = .614) and BASFI score (P = .103) were 6.1 ± 1.2 and 4.9 ± 1.1 in dose tapering group and were 6. 3.2. Correlation of BME in SIJ with clinical characteristics of active AS patients BME in SIJ was positively correlated with pain VAS score (P = .007), BASDAI score (P = .010), CRP (P = .008), IL-1b (P = .013), IL-17 (P = .012), and TNF-a (P = .011) in AS patients (Table 2) . However, no association of BME in SIJ with other demographic and clinical characteristics was observed (all P > .05).
3.3. SPARCC score and the percentage of patients with BME in SIJ after treatment
The SPARCC score of SIJ in total active AS patients was decreased at M1 (P < .001), M3 (P < .001), and M6 (P < .001) compared to that of M0 (Fig. 1A) . While the SPARCC score of SIJ in dose tapering group was similar to that in standard dose group at each visit (all P > .05, Fig. 1B) . Meanwhile, the percentage of patients with BME in SIJ in total active AS patients was reduced at M1 (P < .05), M3 (P < .001), and M6 (P < .001) compared to that at M0 as well (Fig. 1C) . However, there was no difference of the percentage of patients with BME in SIJ between dose tapering group and standard dose group at each visit (all P > .05, Fig. 1D ).
Percentage of patients achieving ASAS 40 response after treatment
The percentages of patients realizing ASAS 40 response in total active AS patients at M1, M3, and M6 were 32.2%, 57.8% and 63.3%, respectively ( Fig. 2A) . No difference was found regarding the percentage of patients with ASAS 40 between dose tapering group and standard dose group at M1 (P > .05) or M3 (P > .05), whereas the percentage of patients with ASAS 40 response in dose tapering group was decreased compared to that in the standard dose group at M6 (P < .05) (Fig. 2B) .
3.5. The correlation of BME and the quick decrease of BME in SIJ with ASAS 40 response
The ASAS 40 response rate was similar between patients with BME in SIJ and patients with non-BME in SIJ at M1 (P > .05), Data were presented as mean value ± standard deviation, median (quartile 25th-75th), or count (%). Comparison was determined by t test, Wilcoxon rank sum test or Chi-square test. P value < .05 was considered significant. AS = ankylosing spondylitis, BASDAI = Bath Ankylosing Spondylitis Disease Activity Index, BASFI = Bath Ankylosing Spondylitis Functional Index, BME = bone marrow edema, CRP = Creactive protein, ESR = erythrocyte sedimentation rate, IL-1b = interleukin 1b, IL-17 = interleukin 17, IL-6 = interleukin 6, PGA = Patient Global Assessment, SIJ = sacroiliac joint, SPARCC = Spondyloarthritis Research Consortium of Canada, TNF-a = tumor necrosis factor-a, VAS= Visual Analogue Scale.
Yang et al. Medicine (2019) 98:11 www.md-journal.com Figure 1 . Variations of SPARCC score and the percentage of patients with BME in SIJ after treatment. The SPARCC score in SIJ (A) and the percentage of patients with BME in SIJ (C) in total active AS patients were reduced at M1, M3, and M6 compared to M0, while no difference of SPARCC score (B) or percentage of patients with BME (D) in SIJ between dose tapering group and standard dose group at M0, M1, M3, or M6 was observed. Comparison of SPARCC score of SIJ at baseline (M0) and after treatment (M1, M3, and M6) was determined by pair t test; comparison of SPARCC score of SIJ between dose tapering group and standard dose group was determined by t test; comparison of percentage of patients with BMI in SIJ at baseline (M0) and after treatment (M1, M3, and M6) was determined by McNemar test, and comparison of percentage of patients with BMI in SIJ between dose tapering group and standard dose group was determined by Chi-square test. P < .05 was considered significant. Data were presented as mean value ± standard deviation, median (quartile 25th-75th), or count. Comparison was determined by t test, Wilcoxon rank sum test or Chi-square test. P value < .05 was considered significant. AS = ankylosing spondylitis, BASDAI = Bath Ankylosing Spondylitis Disease Activity Index, BASFI = Bath Ankylosing Spondylitis Functional Index, BME = bone marrow edema, CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, IL-1b = interleukin 1b, IL-17 = interleukin 17, IL-6 = interleukin 6, PGA = Patient Global Assessment, SIJ = sacroiliac joint, TNF-a = tumor necrosis factor-a, VAS = Visual Analogue Scale.
Yang et al. Medicine (2019) 98:11 Medicine while it was increased in patients with BME in SIJ compared to that in patients with non-BME in SIJ at M3 (P < .05) and M6 (P < .05) (Fig. 3A) . And patients with a quick decrease of BME in SIJ exhibited a similar ASAS 40 response rates at M1 (P > .05) and M3 (P > .05), but a higher ASAS 40 response at M6 (P < .05) compared to that of other patients (Fig. 3B ).
Comparison of ASAS 40 between dose tapering and standard dose treatments in subgroups
In patients with a quick decrease of BME in SIJ (N = 31), the ASAS 40 response rate in dose tapering group was similar compared to that in standard dose group at each visit (all P > .05, Fig. 4A ). In patients without a quick decrease of BME in SIJ, the ASAS 40 response rate in dose tapering group was of no difference at M1 (P > .05) or M3 (P > .05), but reduced at M6 (P < .05) compared to that in standard dose group (Fig. 4B ).
Discussion
In the current study, we discovered that in AS patients: (1) BME in SIJ was positively correlated with pain VAS score, BASDAI score, CRP, IL-1b, IL-17, and TNF-a levels. (2) BME in SIJ and disease activity were ameliorated post treatment, and the ASAS 40 response rate was lower in dose tapering group than in standard dose group at M6. (3) BME in SIJ and the quick decrease of BME in SIJ correlated with increased ASAS 40 response. (4) the quick decrease of BME in SIJ might be regarded as a marker for dose tapering of etanercept treatment. BME commonly occurs in patients with joint inflammation such as rheumatoid arthritis (RA) patients and AS patients, which is observed to be associated with inflammation level, disease activity, joint damage, and bone erosion. [20, 23, 24] It is reported that RA patients with BME presented a higher ESR level compared to patients without BME. [19] Moreover, in patients with inflammatory back pain, the combination of positive human leukocyte antigen (HLA)-B27 with severe sacroiliitis (defined by Figure 2 . The percentage of patients with ASAS 40 after treatment. The percentage of patients with ASAS 40 was numerically increased in a time-dependent manner (A), which was relatively lower in dose tapering group compared to standard dose group at M6 (B). Comparison between two groups was evaluated by Chisquare test, P < .05 was considered significant. Figure 3 . The correlation of the BME in SIJ or the quick decrease of BME in SIJ with the ASAS 40 response rate. The percentage of patients with ASAS 40 was larger in patients with BME in SIJ compared to patients with non-BME in SIJ at M3 and M6 (A). Meanwhile, the percentage of patients with ASAS 40 was increased at M6 in patients with a quick decrease of BME in SIJ compared to others (B). Comparison between two groups was assessed using Chi-square test, P < .05 was considered significant. Yang et al. Medicine (2019) 
www.md-journal.com BME in SIJ) was a superb predictor for AS. [28] However, only a few studies exploring the correlation of BME in SIJ with inflammation level or disease activity in AS patients were conducted. In the current study, the BME in SIJ was positively associated with pain VAS score, BASDAI score, CRP, IL-1b, IL-17, and TNF-a levels. The possible explanation for our result may be that the edematous marrow is full of inflammatory infiltrates containing macrophages, memory T cells, B cells, plasma cells, and osteoclasts, which subsequently led to the rise of the inflammation level and disease activity of AS. [23] As a consequence, AS patients with BME in SIJ exhibited an elevated CRP, IL-1b, IL-17, and TNF-a levels, as well as higher VAS score and BASDAI score.
As one of the frequently used TNF-a inhibitors for AS patients, etanercept has been extensively investigated in its dosage adjustment strategy and corresponding efficacy. [29] [30] [31] [32] Several studies suggest that tapering dose of etanercept is capable of keeping the remission after the standard treatment does in AS patients, but still a proportion of patients fail to maintain response to the tapering dose. [17, 18] In the present study, the dose tapering group and the standard dose group were similar in decreasing the SPARCC score and the percentage of patients with BME in SIJ at each visit, whereas the percentage of patients achieving ASAS 40 response in dose tapering group was lower than that of standard dose group after 6-month etanercept treatment; these results might result from that (1) most diminishment of BME in SIJ occurred in the first 3-month while dose tapering of etanercept was moajoritliy applied at or after 3 months; meanwhile, standard dose group illuminated a numerically higher SPARCC score than dose tapering group; thus, SPARCC score and the percentage of patients with BME in SIJ were of no difference between dose tapering group and the standard dose group after treatment. (2) As to ASAS 40 response, it was a comprehensive score assessing the absolute change of several indexes, and standard dose group disclosed numerically higher disease activity or functional score compared to dose tapering group, which increased the gap for deminishment; meanwhile, dose tapering presented with relatively lower effecacy than standard dose in a proportion of patients; thus, we found ASAS 40 response rate was reduced in dose tapering group than standard dose group.
The Berlin MRI spine score ≥11 (defined by BME grades) is discovered to be a predictor for BASDAI 50 response to TNF-a inhibitors in active AS patients, implying that BME might be applied for predicting clinical response to TNF-a inhibitors in AS patients. [22] As to the correlation of BME in SIJ with treatment response, only a study is reported, which discovers that sacroiliitis (defined by BME) on MRI is unable to predict clinical response to TNF-a inhibitor in AS patients, though the study assesses the efficacy of TNF-a inhibitor only for 14 weeks treatment. [33] In the present study, we found that patients with BME in SIJ assessed by SPARCC score presented with an elevated ASAS 40 response rate at M3 and M6 compared to that of patients with non-BME in SIJ. Furthermore, patients with a quick decrease of BME in SIJ also exhibited an increased ASAS 40 response rate at M6 compared with other patients. The possible explanation might be that BME in SIJ was positively associated with elevated level of inflammation; thus, patients with BME in SIJ were more likely to benefit from TNF-a inhibitors; as a result, those patients exhibited higher ASAS 40 response rate compared with patients with non-BME in SIJ. [19, 20, 23, 24] As in patients with a quick decrease of BME in SIJ, the quick decrease of BME could be regarded as a superb clinical response of etanercept in AS patients. Therefore, patients with a quick decrease of BME were also displayed higher ASAS 40 response rate than other patients.
To further explore the potential of quick decrease of BME in SIJ as marker for dose tapering of etanercept in AS patients, we compared ASAS 40 response rate between dose tapering group and standard dose group in patients with or without a quick decrease of BME in SIJ, respectively. The results revealed that there was no difference of ASAS 40 response rate between dose tapering group and standard dose group in patients with a quick decrease of BME in SIJ, whereas in patients without a quick decrease of BME in SIJ, dose tapering group showed a lower ASAS 40 response rate at M6 compared to standard dose group. These indicated that a quick decrease of BME in SIJ might be served as a marker for dose tapering initiation of etanercept in AS patients. The possible reason might be that: As described above, patients with BME in SIJ showed increased pain VAS score, BASDAI score, CRP, IL-1b, IL-17, and TNF-a levels compared to patients without BME in SIJ; thus, the quick decrease of BME might indicate rapid decline of disease activity and inflammation In patients with a quick decrease of BME in SIJ, no difference of the percentage of patients with ASAS 40 between dose tapering group and standard dose group was discovered at each visit (A), while in patients without a quick decrease of BME in SIJ, dose tapering group presented a lower percentage of patients with ASAS 40 compared to standard dose group at M6 (B). Comparison between two groups was determined by Chi-square test, P < .05 was considered significant. Yang et al. Medicine (2019) 98: 11 Medicine level, and most importantly, it reflected better response to treatment; thus, in this circumstance, AS patients were less affected by dose tapering of etanercept. There were some limitations in this study. First, the study was single-centered, patients were mainly recruited from East China, which might cause selection bias. Second, clinical response of AS patients in the current study was only evaluated for six months; therefore, the long-term efficacy was not known. At last, the sample size in this study was relatively small, which might decrease statistical power.
In summary, a quick decrease of BME in SIJ predicts better treatment response to etanercept, and it might be served as a novel marker for dose tapering initiation of etanercept in AS patients. 
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